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on a- four years' course of instruction sat- 
isfactorily, will raise the requirements for 
admission to a proper point and then con- 
centrate all their strength upon a thor- 
oughly sound course of two years leading 
to the bachelor's degree. More depends 
upon the strict enforcementof proper stand- 
ards of admission to college than is gen- 
erally believed ; that is at present the weak- 
est point in college administration. The 
general standard of college education in 
the United States would be strengthened 
more if the weaker colleges would fix and 
rigidly enforce proper entrance require- 
ments and concentrate all their money and 
energies upon two years of thorough col- 
lege work than if they continue to spread 
a college course over four years with ad- 
mission secured on nominal terms or on 
none at all. 

The policy outlined would, I think, 
largely increase the number of students 
seeking a college education, and many who 
might enter one of the stronger colleges for 
the two years' course would remain for 
four years. The loss of income due to the 
dropping out of students after, two years 
of residence would be more than made good 
very soon by the large increase in college 
attendance. 

As the system of higher education in the 
United States has developed it has become 
apparent that we have substituted three 
institutions— secondary school, college and 
university— for the two— secondary school 
and university — which exist in France and 
Germany. The work done in the United 
States by the best colleges is done in France 
and Germany one half by the secondary 
school and one half by the university. The 
training given in Europe differs in many 
ways from that given here, but from an 
administrative point of view the compari- 
son just made is substantially correct. The 
college, as we have it, is peculiar to our 
own national system of education, and is 



perhaps its; strongest, : as it^certainly><is ite 
most characteristic, feature. It breaks the 
sharp transition which is so noticeable in 
Europe between the close surveillance and 
prescribed order of the secondary school 
and the absolute freedom of the university. 
Its course of liberal study comes just at 
the time in the student's life to do him 
most good, to open and inform his intelli- 
gence and to refine and strengthen his char- 
acter. Its student life, social opportuni- 
ties, and athletic sports are all additional 
elements of usefulness and of strength. It 
has endeared itself to three or four genera- 
tions of the flower of our American youth 
and it is more useful to-day than at any 
earlier time.N 

For all of these reasons I am anxious to 
have it preserved as part of our educa- 
tional system and so adjusted to the social 
and educational conditions which surround 
us that a college training may be an essen- 
tial part of the higher education of an 
American whether he is destined to a pro- 
fessional career or to a business occupa- 
tion. It seems to me clear that if the col- 
lege is not so adjusted it will, despite its 
recent rapid growth, lose its prestige and 
place of honor in our American life, and 
that it may eventually disappear entirely, 
to the great damage of our whole educa- 
tional system. 

Nicholas Mueeay Butlek. 



ADDRESS OF THE PRESIDENT OF THE 

BRITISH ASSOCIATION FOR THE 

ADVANCEMENT OF SCIENCE. 

III. 

THE TJPPEE AIR AND AURORAS. 

The present liquid ocean, neglecting 
everything for the moment but the water, 
was at a previous period of the earth's 
history part of the atmosphere, and its con- 
densation has been brought about by the 
gradual cooling of the earth's surface. 
This resulting ocean is subjected to the 
pressure -of the remaining uncondensed 
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gftsesjosud aftthese &m slight soluble $hey 
dissolve to , some extent in the fluid. The 
gases in solution can be taken out by dis- 
tillation or by exhausting the water, and 
if we compare their volume with the vol- 
ume of the water as steam, we should find 
about one volume of air in -60,000 volumes 
of steam. This would then be about the 
rough proportion of the relatively perma- 
nent gas to condensable gas which existed 
in the case of the vaporized ocean. Now let 
us assume the surface of the earth gradu- 
ally cooled to some 200 degrees below the 
freezing-point; then, after all the present 
ocean was frozen, and the climate became 
three times more intense than any arctic 
frost, a new ocean of liquid air would 
appear, covering the entire surface of the 
frozen globe about thirty-five feet deep. 
We may now apply the same reasoning to 
the liquid air ocean that we formerly did 
to the water one, and this would lead us 
to anticipate that it might contain in solu- 
tion some gases that may be far less con- 
densable than the chief constituents of the 
fluid. In order to separate them we must 
imitate the method of taking the gases out 
of water. Assume a sample of liquid air 
cooled to the low temperature that can be 
reached by its own evaporation, connected 
by a pipe to a condenser cooled in liquid 
hydrogen; then any volatile gases present 
in solution will distil over with the first 
portions of the air, and can be pumped off, 
being uncondensable at the temperature of 
the condenser. In this way, a gas mixture, 
containing, of the known gases, free hydro- 
gen, helium and neon, has been separated 
from liquid air. It is interesting to note 
in passing that the relative volatilities of 
water and oxygen are in the same ratio as 
those of liquid air and hydrogen, so that 
the analogy between the ocean of water and 
that of liquid air has another, suggestive 
parallel. The total uncondensable gas 
separated in this way amounts to about one 



fifjy^hpusandth of ^.- yo ?Sffl§ $ the ?,$ff> 
which is about the same proportion as the 
air dissolved in water. That free hydro- 
gen exists in air in small amount is con- 
clusively proved, but the actual proportion 
found by the process is very much smaller 
than Gautier has estimated by the combus- 
tion method. The recent experiments of 
Lord Eayleigh show that Gautier, who es- 
timated the hydrogen present as one five- 
thousandth, has in some way produced 
more hydrogen than he can manage to ex- 
tract from pure air by a repetition of the 
same process. The spectroscopic examina- 
tion of these gases throws new light upon 
the question of the aurora and the nature 
of the upper air. On passing electric dis- 
charges through the tubes containing the 
most volatile of the atmospheric gases, 
they glow with a bright orange light, which 
is especially marked at the negative pole. 
The spectroscope shows that this light con- 
sists, in the visible part of the spectrum, 
chiefly of a succession of strong rays in the 
red, orange and yellow, attributed to hy- 
drogen, helium and neon. Besides these, 
a vast number of rays, generally less 
brilliant, are distributed through the 
whole length of the visible spectrum. The 
greater part of these rays are of, as yet, 
unknown origin. The violet and ultra- 
violet part of the spectrum rivals in 
strength that of the red and yellow rays. 
As these gases probably include some of 
the gases that pervade interplanetary 
space, search was made for the prominent 
nebular, coronal and auroral lines. No 
definite lines agreeing with the nebular 
spectrum could be found, but many lines 
occurred closely coincident with the cor- 
onal and auroral spectrum. But before 
discussing the spectroscopic problem it will 
be necessary to consider the nature and 
condition of the upper air. 

According to the old law of Dalton, sup- 
ported by the modern dynamical theory of 
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gaSes;"eati!h Constituent of i^ie' ^tmo&phere 
while acted upon by the force of gravity 
forms a separate atmosphere, completely 
independent, except as to temperature, of 
the others, and the relations between the 
common temperature and the pressure and 
altitude for each specific atmosphere can 
be definitely expressed. If we assume the 
altitude and temperature known, then the 
pressure can be ascertained for, the same 
height in the case of each of the gaseous 
constituents, and in this way the percentage 
composition of the atmosphere at that place 
may be deduced. Suppose we start with a 
surface atmosphere having the composition 
of our air, only containing two ten- 
thousandths of hydrogen, then at thirty-: 
seven miles, if a sample could be procured 
for analysis, we believe that it would be 
found to contain 12 per cent, of hydrogen 
and only 10 per, cent, of oxygen. The 
carbonic acid practically disappears; and 
by the time we reach forty-seven miles, 
where the temperature is minus 132 de- 
grees, assuming a gradient of 3.2 degrees 
per mile", the nitrogen and oxygen have so 
thinned out that the only constituent of 
the upper air which is left is hydrogen. 
If the gradient of temperature were 
doubled, the elimination of the nitrogen 
and oxygen would take place by the time 
thirty-seven miles was reached, with a tem- 
perature of minus 220 degrees. The per- 
manence of the composition of the air at 
the highest altitudes, as deduced from the 
basis of the dynamical theory of gases, has 
been discussed by Stoney, Bryan and oth- 
ers. It would appear that there is a con- 
sensus of opinion that the rate at which 
gases like hydrogen and helium could es- 
cape from the earth's atmosphere would 
be excessively slow. Considering that to 
compensate any such loss the same gases 
are being supplied by actions taking place 
in the crust of the earth, we may safely re- 
gard them as necessarily permanent con- 



stituents o& tfhe^uppe* 5 air.jJiJPbe ■■ t&mpeff&s 
ture at the elevations we have been 
discussing would not be sufficient to cause 
any liquefaction of the nitrogen and oxy- 
gen, the pressure being so low. If we 
assume the mean temperature as about the 
boiling-point of oxygen at atmospheric 
pressure, then a considerable amount of 
the carbonic acid must solidify as a mist, 
if the air from a lower level be cooled to 
this temperature; and the same result 
might take place with other gases of rela- 
tively small volatility which occur in air. 
This would explain the clouds that have 
been seen at an elevation of fifty miles, 
without assuming the possibility of water 
vapor being carried up so high. The tem- 
perature of the upper air must be above 
that on the vapor pressure curve corre- 
sponding to the barometric pressure at the 
locality, otherwise liquid condensation must 
take place. In other words, the tempera- 
ture must be above- the dew-point of air at 
that place. At higher elevations, on any 
reasonable assumption of temperature dis- 
tribution, we inevitably reach a tempera- 
ture where the air would condense, just as 
Fourier and Poisson supposed it would, 
unless the temperature is arrested in some 
way from approaching the zero. Both 
ultra-violet absorption and the prevalence 
of electric storms may have something to 
do with the, maintenance of a higher mean 
temperature. The whole mass of the air 
above forty miles is not more than one 
seven-hundredth part of the total mass of 
the atmosphere, so that any rain or snow 
of liquid or solid air, if it did occur, would 
, necessarily be of a very tenuous descrip- 
tion. In any case, the dense gases tend to 
accumulate in the lower strata, and the 
lighter ones to predominate at the higher 
altitudes, always assuming that a steady 
state of equilibrium has been reached. It 
must be observed, however, that a sample 
of air taken at an elevation of nine miles 
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has shown, BQKdiffer.ence^ in composition 
from that at the ground, whereas, accord- 
ing to our hypothesis, the oxygen ought to 
have been diminished to 17 per cent., and 
the carbonic acid should also have become 
much less. This can only be explained by 
assuming that a large intermixture of dif- 
ferent layers of the atmosphere is still ta- 
king place at this elevation. This is con- 
firmed by a study of the motions of clouds 
about six miles high, which reveals an aver- 
age velocity of the air currents of some 
seventy miles an hour; such violent winds 
must be the means of causing the inter- 
mingling of different atmospheric strata. 
Some clouds, however, during hot and 
thundery weather, have been seen to reach 
an elevation of seventeen miles, so that we 
have direct proof that on occasion the low- 
er layers of atmosphere are carried to a 
great elevation. The existence of an atmos- 
phere at more than a hundred miles above 
the surface of the earth is revealed to us 
by the appearance of meteors and fireballs, 
and when we can take photographs of the 
spectrum of such apparitions we shall learn 
a great deal about the composition of the 
upper air. In the meantime Pickering's 
solitary spectrum of a meteor reveals an 
atmosphere of hydrogen and helium, and 
so far this is corroborative of the doctrine 
we have been discussing. It has long been 
recognized that the aurora is the result of 
electric discharges within the limits of the 
earth's atmosphere, but it was difficult to 
understand why its spectrum should be so 
entirely different from anything which 
could be produced artificially by electric 
discharges through rarefied air at the sur- 
face of the earth. Writing in 1879, Eand 
Capron, after collecting all the recorded 
observations, was able to enumerate no 
more than nine auroral rays, of which but 
one could with any probability be identified 
with rays emitted by atmospheric air un- 
der an electric discharge. Vogel attributed 



this wfint of agreement between 'nature and 
experiment, in a vague way, to difference 
of temperature and pressure; and Zollner 
thought the auroral spectrum to be one 
of a different order, in the sense in which 
the line and band spectra of nitrogen are 
said to be of different orders. Such state- 
ments were merely confessions of igno- 
rance. But since that time observations of 
the spectra of auroras have been greatly 
multiplied, chiefly through the Swedish 
and Danish Polar Expeditions, and the 
length of spectrum recorded on the ultra- 
violet side has been greatly extended by 
the use of photography, so that, in a recent 
discussion of the results, M. Henri Stas- 
sano is able to enumerate upwards of one 
hundred auroral rays, of which the wave- 
length is more or less approximately 
known, some of them far in the ultra- 
violet. Of this large number of rays he is 
able to identify, within the probable limits 
of errors of observation, about two thirds 
as rays, which Professor, Liveing and my- 
self have observed to be emitted by the 
most volatile gases of atmospheric air un- 
liquefiable at the temperature of liquid 
hydrogen. Most of the remainder he 
ascribes to argon, and some he might, with 
more probability, have identified with 
krypton or xenon rays, if he had been 
aware of the publication of wave-lengths 
of the spectra of those gases, and the iden- 
tification of one of the highest rays of 
krypton with that most characteristic of 
auroras. The rosy tint often seen in au- 
roras, particularly- in the streamers, ap- 
pears to be due mainly to neon, of which 
the spectrum is remarkably rich in red and 
orange rays. One or two neon rays are 
amongst those most frequently observed, 
while the red ray of hydrogen and one red 
ray of krypton have been noticed only 
once. The predominance of neon is not 
surprising, seeing that from its relatively 
greater proportion in air and its low den- 
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sitp it mastotoad to concentrate atMhigher 
elevations. So large a number of probable 
identifications -warrants the belief that we 
may yet be able to reproduce in our labo- 
ratories the auroral spectrum in its entirety. 
It is true that we have still to account for 
the appearance of some, and the absence 
of other, rays of the newly discovered gases, 
which in the way in which we stimulate 
them appear to be equally brilliant, and 
for the absence, with one doubtful excep- 
tion, of all the rays of nitrogen. If we 
cannot give the reason of this, it is because 
we do not know the mechanism of lumi- 
nescence—nor even whether the particles 
which carry the electrieity are themselves 
luminous, or whether they only produce 
stresses causing other particles which en- 
counter them to vibrate ; yet we are certain 
that an electric discharge in a highly rare- 
fied mixture of gases lights one element 
and not another, in a way which, to our. 
ignorance, seems capricious. The Swedish 
North Polar Expedition concluded from a 
great number of trigonometrical measure- 
ments that the average above the ground 
of the base of the aurora was fifty kilo- 
meters (thirty-four, miles) at Cape Thors- 
den, Spitzbergen ; at this height the pres- 
sure of the nitrogen of the atmosphere 
would be only about one tenth of a milli- 
meter, and Moissan and Deslandres have 
found that in atmospheric air at pressures 
less than one millimeter the rays of nitro- 
gen and oxygen fade and are replaced by 
those of argon and by five new rays which 
Stassano identifies with rays of the more 
volatile gases measured by us. Also Collie 
and Ramsay's observations on the distance 
to which electrical discharges of equal po- 
tential traverse different gases explosively 
throw much light on the question ; for they 
find that, while for helium and neon this 
distance is from 250 to 300 mm., for argon 
it is 45 J mm., for hydrogen it is 39 nim., 
and for air and oxygen still less. This in- 



dicates that a good deal d&pends'^n $M 
very constitution of the gases themselves, 
and certainly helps us to understand why 
neon and argon, which exist in the atmos- 
phere in larger proportions than helium, 
krypton or xenon, should make their ap- 
pearance in the spectrum of auroras almost 
to the exclusion of nitrogen and oxygen. 
How much depends not only on the consti- 
tution and it may be temperature of the 
gases, but also on the character of the 
electric discharge, is evident from the dif- 
ference between the spectra at the cathode 
and anode in different gases, notably in 
nitrogen and argon, and not less remark- 
ably in the more volatile compounds of the 
atmosphere. Paulsen thinks the auroral 
spectrum wholly due to cathodic rays. 
Without stopping to discuss that question, 
it is certain that changes in the character 
of the electric discharge produce definite 
changes in the spectra excited by them. It 
has long been known that in many spectra 
the rays which are inconspicuous with an 
uncondensed electric discharge become 
very pronounced when a Leyden jar is in 
the circuit. This used to be ascribed to a 
higher temperature in this condensed 
spark, though measurements of that tem- 
perature have hot borne out the explana- 
tion. Schuster and Hemsalech have shown 
that these changes of spectra are in part 
due to the oscillatory character of the con- 
denser discharge which may be enhanced 
by self-induction, and the corresponding 
change of spectrum thereby made more 
pronounced. Lightning we should expect 
to resemble condensed discharge much 
more than aurora, but this is not borne out 
by the spectrum. Pickering's recent an- 
alysis of the spectrum of a flash obtained 
by photography shows, out of nineteen 
. lines measured by him, only two which 
can be assigned with probability to nitro- 
gen and oxygen, while three hydrogen rays 
most likely due to water are very conspicu- 
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fens, dfid eleven may be reasonably ascribed 
to argon, krypton and xenon, one to more 
volatile gas of the neon class, and the 
brightest ray of all is but a very little less 
refrangible than the characteristic auroral 
ray, and coincides with a strong ray of cal- 
cium, but also lies between, and close to, an 
argon and a neon ray, neither of them 
weak rays. There may be some doubt 
about the identification of the spectral rays 
of auroras because of the wide limits of 
the probable errors in measuring wave- 
lengths so faint as most of them are, but 
there is no such doubt about the wave- 
lengths of the rays in solar protuberances 
measured by Deslandres and Hale. Stas- 
sano found that these rays, 44 in number, 
lying between the Fraunhofer line F and 
3,148 in the ultra-violet agree very closely 
with rays which Professor Liveing and my- 
self measured in the spectra of the most 
volatile atmospheric gases. It will be re- 
membered that one of the earliest sugges- 
tions as to the nature of solar prominences 
was that they were solar auroras. This 
supposition helped to explain the marvel- 
lous rapidity of their, changes, and the 
apparent suspension of brilliant self-lumi- 
nous clouds at enormous heights above the 
sun's surface. Now the identification of 
the rays of their spectra with those of the 
most volatile gases, which also furnish 
many of the auroral rays, certainly sup- 
ports that suggestion. A stronger support, 
however, seems to be given to it by the 
results obtained at the total eclipse of May, 
1901, by the American expedition to Su- 
matra. In the Astrophysical Journal for 
June last is a list of 339 lines in the spec- 
trum of the corona photographed by Hum- 
phreys, during totality, with a very large 
concave grating. Of these no fewer than 
209 do not differ from lines we have meas- 
ured in the most volatile gases of the atmos- 
phere, or in krypton or xenon, by more 
than one unit of wave-length on Arm- 



strong's scale, a quantity within the limit 
of probable error. Of the remainder, a 
good many agree to a like degree with ar- 
gon lines, a very few with oxygen lines, 
and still fewer with nitrogen lines; the 
characteristic green auroral ray, which is 
not in the range of Humphreys' photo- 
graphs, also agrees within a small fraction 
of a unit of wave-length with one of the 
rays emitted by the most volatile atmos- 
pheric gas. Taking into account the 
Fraunhofer lines H, E and G, usually as- 
cribed to calcium, there remain only fifty- 
five lines of the 339 unaccounted for to the 
degree of probability indicated. Of these 
considerably more than half are very weak 
lines which have not depicted themselves 
on more than one of the six films exposed, 
and extend but a very short distance into 
the sun's atmosphere. There are, however, 
seven which are stronger lines, and reach 
to a considerable height above the sun's 
rim, and all have depicted themselves on 
at least four of the six films. If there be 
no considerable error in the wave-lengths 
assigned (and such is not likely to be the 
case), these lines may perhaps be due to 
some volatile element which may yet be 
discovered in our atmosphere. However 
that may be, the very great number of close 
coincidences between the auroral rays and 
those which are emitted under electric ex- 
citement by gases of our atmosphere al- 
most constrains us to believe, what is in- 
deed most probable on other grounds, that 
the sun's coronal atmosphere is composed 
of the same substances as the earth's and 
that it is rendered luminous in the same 
way — namely, by electric discharges. This 
conclusion has plainly an important bear- 
ing on the explanation which should be 
given of the outburst of new stars and of 
the extraordinary and rapid changes in 
their spectra. Moreover, leaving on one 
side the question whether gases ever be- 
come luminous by the direct action of 
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hmt,1apagt r, JteSm. such transfer! of 'energy 
as occur in' chemical change and electric 
disturbance, it demands a revision of the 
theories which attribute more permanent 
differences between the spectra of different 
stars to differences of temperature, and a 
fuller consideration of the question wheth- 
er they cannot with better reason be ex- 
plained by differences in the electric condi- 
tions which prevail in the stellar atmos- 
phere. 

If we turn to the question what is' the' 
cause of the electric discharges which are 
generally believed to occasion auroras, but 
of which little more has hitherto been 
known than that they are connected with 
sunspots and solar eruptions, recent studies 
of electric discharges in high vacua, with 
which the names of Crookes, Rontgen, Len- 
ard and J. J. Thomson will always be asso- 
ciated, have opened the Way for Arrhenius 
to suggest a definite and rational answer. 
He points out that the frequent disturb- 
ances which we know to occur in the sun 
must cause electric discharges in the sun's 
atmosphere far exceeding any that occur 
in that of the earth. These will be at- 
tended with an ionization of the gases, 
and the negative ions will stream away 
through the outer atmosphere of the sun 
into the interplanetary space, becoming, 
as Wilson has shown, nuclei of aggrega- 
tion of condensable vapors and cosmic dust. 
The liquid and solid particles thus formed 
will be of various sizes; the larger, will 
gravitate back to the sun, while those with 
diameters less than one and a half thou- 
sandths of a millimeter, but nevertheless 
greater than a wave-length of light, will, 
in accordance with Clerk-Maxwell's elec- 
tromagnetic theory, be driven away from 
the sun by the incidence of the solar rays 
upon them, with velocities which may be- 
come enormous, until they meet other celes- 
tial bodies, or increase their dimensions by 
picking up more cosmic dust or diminish 



them by evaporation.' The "garth will catch 
its share of such particles on the side which 
is turned towards the sun, and its upper 
atmosphere will thereby become negatively 
electrified until the potential of the charge 
reaches such a point that a discharge oc- 
curs, which will be repeated as more 
charged particles reach the earth. This 
theory not only accounts for the auroral 
discharges, and the coincidence of their 
times of greatest frequency with those of 
the maxima of sunspots, but also for the 
minor maxima and minima. The vernal 
and autumnal maxima occur when the line 
through the earth and sun has its greatest 
inclination to the solar equator, so that 
the earth is more directly exposed to the 
region of maximum of sunspots, while the 
twenty-six days' period corresponds closely 
with the period of rotation of that. part of 
the solar surface where facuhe are most 
abundant. J. J. Thomson has pointed out, 
as a consequence of the Richardson obser- 
vations, that negative ions will be con- 
stantly streaming from the sun merely re- 
garded as a hot body, but this is not incon- 
sistent with the supposition that there will 
be an excess of this emission in eruptions, 
and from the regions of facuke. Arrhe- 
nius' theory accounts also, in a way which 
seems the most satisfactory hitherto enun- 
ciated, for, the appearances presented by 
comets. The solid parts of these objects 
absorb the sun's rays, and as they approach 
the sun become heated on the side turned 
towards him until the volatile substances 
frozen in or upon them are evaporated and 
diffused in the gaseous state in surround- 
ing space, where they get cooled to the 
temperature of liquefaction and aggregated 
in drops about the negative ions. The 
larger of these drops gravitate towards the 
sun and form clouds of the coma about the 
head, while the smaller are driven by the 
incidence of the sun's, light upon them 
away from the sun and form the tail. The 
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curvature of the tail depends, as Bredichin 
has shown, on the rate at which the par- 
ticles are driven, which in turn depends 
on the size and specific gravity of the par- 
ticles, and these will vary with the density 
of the vapor, from which they are formed 
and the frequency of the negative ions 
which collect them. In any case Arrhenius ' 
theory is a most suggestive one, not only 
with reference to auroras and comets, and 
the solar corona and chromosphere, but also 
as to the constitution of the photosphere 
itself. 

VARIOUS LOW-TEMPERATURE RESEARCHES. 

We may now summarize some of the re- 
sults which have already been attained by 
low-temperatur.e studies. In the first 
place, the great majority of chemical inter- 
actions are entirely suspended, but an ele- 
ment of such exceptional powers of com- 
bination as flourine is still active at the 
temperature of liquid air. Whether solid 
fluorine and liquid hydrogen would inter- 
act no one can at present say. Bodies nat- 
urally become denser, but even a highly 
expansive substance like ice does not appear 
to reach the density of water at the lowest 
temperature. This is confirmatory of the 
view that the particles of matter under 
such conditions are not packed in the clos- 
est possible way. The force of cohesion is 
greatly increased at low temperatures, as 
is shown by the additional stress required 
to rupture metallic wires. This fact is of 
interest in connection with two conflicting 
theories of matter. Lord Kelvin's view is 
that the forces that hold together the par- 
ticles of bodies may be accounted for with- 
out assuming any other agency than gravi- 
tation or any other law than the Newton- 
ian. An opposite view is that the phenom- 
ena of the aggregation of molecules de- 
pend upon the molecular vibration as a 
physical cause. Hence, at the zero of abso- 
lute temperature, this vibrating energy 



being in complete abeyance, the phenomena 
of cohesion should cease to exist, and mat- 
ter generally be reduced to an incoherent 
heap of cosmic dust. This second view 
receives no support from experiment. 

The photographic action of light is di- 
minished at the temperature of liquid air 
to about twenty per cent, of its ordinary 
efficiency, and at the still lower tempera- 
ture of liquid hydrogen only about ten 
per cent, of the original sensitivity re- 
mains. At the temperature of liquid air 
or liquid hydrogen a large range of organic 
bodies and many inorganic ones acquire 
under exposure to violet light the property 
of phosphorescence. Such bodies glow 
faintly so long as they are kept cold, but 
become exceedingly brilliant during the 
period when the temperature is rising. 
Even solid air is a phosphorescent body. 
All the alkaline earth sulphides which 
phosphoresce brilliantly at the ordinary 
temperature lose this property when 
cooled, to be revived on heating; but such 
bodies in the first instance may be stimu- 
lated through the absorption of light at 
the lowest temperatures. Radio-active 
bodies, on the other hand, like radium, 
which are naturally self-luminous, main- 
tain this luminosity unimpaired at the very 
lowest temperatures, and are still capable 
of inducing phosphorescence in bodies like 
the platino-cyanides. Some crystals be- 
come for a time self-luminous when cooled 
in liquid air or hydrogen, owing to the in- 
duced electric stimulation causing dis- 
charges between the crystal molecules. 
This phenomenon is very pronounced with 
nitrate of uranium and some platino- 
cyanides. 

In conjunction with Professor Fleming 
a long series of experiments was made on 
the electric and magnetic properties of 
bodies at low temperatures. The subjects 
that have been under investigation may be 
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classified as follows : ' The Thermo-Electrie 
Powers of Pure Metals'; 'The Magnetic 
Properties of Iron and Steel'; 'Dielectric 
Constants';: 'The Magnetic and Electric 
Constants of Liquid Oxygen'; 'Magnetic 
Susceptibility. ' 

The investigations have shown that elec- 
tric conductivity in pure metals varies al- 
most inversely as the absolute temperature 
down to minus 200 degrees, but that this 
law is greatly affected by the presence of 
the most minute amount of impurity. 
Hence the results amount to a proof that 
electric resistance in pure metals is closely 
dependent upon the molecular or atomic 
motion which ' gives rise to temperature, 
and that the process by which the energy 
constituting what is called an electric cur- 
rent is dissipated essentially depends upon 
non-homogeneity of structure and upon 
the absolute temperature of the material. 
It might be inferred that at the zero of 
absolute temperature resistance would 
vanish altogether, and all pure metals be- 
come perfect conductors of electricity. 
This conclusion, however, has been ren- 
dered very doubtful by subsequent obser- 
vations made at still lower temperatures, 
which appear to point to an ultimate finite 
resistance. Thus the temperature at which 
copper was assumed to have no resistance 
was minus 223 degrees, but that metal has 
been cooled to minus 253 degrees without 
getting rid of all resistance. The reduc- 
tion in resistance of some of the metals at 
the boiling-point of hydrogen is very re- 
markable. Thus copper has only one per 
cent., gold and platinum three per. cent., 
and silver four per cent, of the resistance 
they possessed at zero C, but iron still re- 
tains twelve per cent, of its initial resist- 
ance. In the case of alloys and impure 
metals, cold brings about a much smaller 
decrease in resistivity, and in the ease of 
carbon and insulators like guttapercha, 



glass, ebonite, etc., their resistivity steadily 
increases. The enormous increase in re- 
sistance of bismuth when transversely mag- 
netized and cooled was also discovered in 
the course of these experiments. The study 
of dielectric constants at low temperatures 
has resulted in the discovery of some inter- 
esting facts. A fundamental deduction 
from Maxwell's theory is that the square 
of the refractive index of a body should be 
the same number as its dielectric constant. 
So far, however, from this being the case 
generally, the exceptions are far more nu- 
merous than the coincidences.. It has been 
shown in the case of many substances, such 
as iee and glass, that an increase in the 
frequency of the alternating electromotive 
force results in a reduction of the dielectric 
constant to a value more consistent with 
Maxwell's law. By experiments upon 
many substances it is shown that even a 
moderate increase of frequency brings the 
large dielectric constant to values quite 
near to that required by Maxwell's law. 
It was thus shown that low temperature 
has the same effect as high -frequency in 
annulling the abnormal dielectric values. 
The exact measurement of the dielectric 
constant of liquid oxygen as well as its 
magnetic permeability, combined with the 
optical determination of the refractive in- 
dex, showed that liquid oxygen strictly 
obeys Maxwell's electro-optic law even at 
very low electric frequencies. In magnetic 
work the result of greatest value is the 
proof that magnetic susceptibility varies 
inversely as the absolute temperature. 
This shows that the magnetization of para- 
magnetic bodies is an affair of orientation 
of molecules, and it suggests that at the 
absolute zero all the feebly paramagnetic 
bodies will be strongly magnetic. The 
diamagnetism of bismuth was found to be 
increased at low temperatures. The mag- 
netic moment of a steel magnet is tempo- 
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rarily increased by cooling in liquid air, 
but tbe increase seems to have reached a 
limit, because on further cooling to the - 
temperature of liquid hydrogen hardly any 
further change was observed. The study 
of the thermo-electric relations of the met- 
als at low temperatures resulted in a great 
extension of the well-known Tait thermo- 
electric diagram. Tait found that the 
thermo-electric power of the metals could 
be expressed by a linear function of the 
absolute temperature, but at the extreme 
range of temperature now under considera- 
tion this law was found not to hold gen- 
erally ; and further, it appeared that many 
abrupt electric changes take place, which 
originate probably from specific molecular 
changes occurring in the metal. The 
thermo-electric neutral points of certain 
metals, such as lead and gold, which are 
located about or below the boiling-point of 
hydrogen, have been found to be a conven- 
ient means of defining specific tempera- 
tures in this exceptional part of the scale. 
The effect of cold upon the life of living 
organisms is a matter of great intrinsic in- 
terest, as well as of wide theoretical im- 
portance. Experiment indicates that mod- 
erately high temperatures are much more 
fatal, at least to the lower forms of life, 
than are exceedingly low ones. Professor 
McKendrick froze for an hour at a tem- 
perature of 182° C. samples of meat, milk, 
etc., in sealed tubes; when these were 
opened after being kept at blood heat for 
a few days, their contents were found to be 
quite putrid. More recently some more 
elaborate tests were carried out at the Jen- 
ner Institute of Preventive Medicine on a 
series of typical bacteria. These were ex- 
posed to the temperature of liquid air for 
twenty hours, but their vitality was not 
affected, their functional activities re- 
mained unimpaired, and the cultures which 
they yielded were normal in every respect. 



The same result was obtained when liquid 
hydrogen was substituted for air. A sim- 
ilar persistence of life in seeds has been 
demonstrated even at the lowest tempera- 
tures ; they were frozen for over a hundred 
hours in liquid air, at the instance of 
Messrs. Brown and Escombe, with no other 
result than to affect their protoplasm with 
a certain inertness, from which it recovered 
with warmth. Subsequently commercial 
samples of barley, pea, vegetable marrow, 
and mustard seeds were literally steeped 
for six hours in liquid hydrogen at the 
Eoyal Institution, yet when they were sown 
by Sir W. T. Thiselton Dyer at Kew in the 
ordinary way, the proportion in which ger- 
mination occurred was no less than in the 
other batches of the same seeds which had 
suffered no abnormal treatment. Bacteria 
are minute vegetable cells, the standard of 
measurement for which is the 'mikron.' 
Yet it has been found possible to completely 
triturate these microscopic cells, when the 
operation is carried out at the temperature 
of liquid air, the cells then being frozen 
into hard breakable masses. The typhoid 
organism has been treated in this way, and 
the cell plasma obtained for the purpose 
of studying its toxic and immunizing prop- 
erties. It would hardly have been antici- 
pated that liquid air should find such im- 
mediate application in biological research. 
A research by Professor Macfadyen, just 
concluded, has shown that many varieties 
of microorganisms can be exposed to the 
temperature of liquid air for a period of 
six months without any appreciable loss of 
vitality, although at such a temperature the 
ordinary chemical processes of the cell 
must cease. At such a temperature 
the cells cannot be said to be either 
alive or dead, in the ordinary ac- 
ceptation of these words. It is a 
new and hitherto unobtained condition 
of living matter— a third state. A final in- 
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stance of the application of the above meth- 
ods may be given. Certain species of bac- 
teria during the course of their vital proc- 
esses are capable of emitting light. If, 
however, the cells be broken up at the tem- 
perature of liquid air, and the crushed con- 
tents brought to the ordinary temperature, 
the luminosity function is found to have 
disappeared. This points to the luminosity 
not being due to the action of a ferment— 
a 'Lucif erase '—but as being essentially 
bound up with the vital processes of the 
cells, and dependent for its production on 
the intact organization of the cell. These 
attempts to study by f rigorific methods the 
physiology of the cell have already yielded 
valuable and encouraging results, and - it is 
to be hoped that this line of investigation 
will continue to be vigorously prosecuted 
at the Jenner Institute. 

And now, to conclude an address which 
must have sorely taxed your patience, I 
may remind you that I commenced by re- 
ferring to the plaint of Elizabethan sci- 
ence, that cold was not a natural available 
product. In the course of a long struggle 
with nature, man, by the application of in- 
telligent and steady industry, has acquired 
a control over this agency which enables 
him to produce it at will, and with aimost 
any degree of intensity, short of a limit 
defined by the very nature of things. But 
the success in working what appears, at 
first sight, to be a quarry of research that 
would soon suffer exhaustion, has only 
brought him to the threshold of new laby- 
rinths, the entanglements of which frus- 
trate, with a seemingly invulnerable com- 
plexity, the hopes of further progress. In 
a legitimate sense all genuine scientific 
workers feel that they are 'the inheritors 
of' unfulfilled renown.' The battlefields of 
science are the centers of a perpetual war- 
fare, in which there is no hope of final 
victory, although partial conquest is ever 



triumphantly encouraging the continuance 
of the disciplined and strenuous attack on 
the seemingly impregnable fortress of Na- 
ture. To serve in the scientific army, to 
have shown some initiative, and to be re- 
warded by the consciousness that in the 
eyes of his comrades he bears the accredited 
accolade of successful endeavor, is enough 
to satisfy the legitimate ambition of every 
earnest student of Nature. The real war- 
ranty that the march of progress in the 
future will be as glorious as in the past lies 
in the perpetual reinforcement of the sci- 
entific ranks by recruits animated by such 
a spirit, and proud to obtain such a re- 
ward. 

James Dewar. 
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Notes on Naval Progress. July, 1902. Office 
of Naval Intelligence. Washington, Gov- 
ernment Printing Office. 1902. 8vo. 
Paper. Pp. 502; over 100 illustrations, 
plates, maps, tables, etc. 
This very large and exceedingly valuable 
document constitutes No. XXL, General In- 
formation Series, of the Office of Naval In- 
telligence, a division of the Naval Organiza- 
tion which has now for many years been 
justifying its existence by great and increasing 
efficiency. Under the supervision of Captain 
Sigsbee, the present Chief Intelligence Officer, 
it is evidently fully maintaining its standing. 
The contributors to this bulky volume are 
usually young officers of the navy who exhibit 
that talent for exact, concise and comprehen- 
sive composition which is the distinguishing 
characteristic of a good official report, and that 
excellence in style which seems so common a 
talent with military and naval officers. The 
two probably necessarily go together and are 
the outcome of familiarity with, often a min- 
ute study of, the reports and writings of great 
commanders quite as much as of careful drill 
at the governmental technical schools. 

The volume in hand contains notes on ships 
and torpedo-boats, on ordnance and armor, 
on engineering progress, electricity, wireless 



